An attempt is made in this research to examine the relationship between income and health by testing the Absolute Income-Health Hypothesis (AIH). The study primarily focuses on 34 Sub-Saharan Africa (SSA) countries for the period of [2001][2002][2003][2004][2005][2006][2007][2008][2009][2010][2011][2012][2013][2014][2015][2016]. The data for the study were mainly sourced from World Development Indicators (WDI) and the World Health Organization (WHO) Global Health Observatory Data Repository. Using heterogeneous slopes modelling set-up that incorporates series of non-stationarity, cross-section dependence, and group-specific trends, we failed to find evidence in support of the AIH. Our empirical outcome cast doubts on the robustness of previous studies that ignored such modelling attributes, while we deduced that methodology matters in analysing income-health nexus and testing the validity of the AIH for cross-section of countries. By contrast, we find income to be an insignificant determinant of health in SSA compared to health spending and improved sanitation.
INTRODUCTION
Average households' health status is one of the barometers of population well-being, and is largely dependent on income level among other determinants. The relationship between income and health has generated some hypotheses and empirical conclusions. One of the leading predictions, Absolute Income-Health Hypothesis (henceforth, AIH) can be traced to Grossman (1972) model, and later on to Preston, (1975) both of whom state that wage increase can enhance health. The hypothesis suggests that health improves with average income but at a decreasing rate. This implies a curvilinear association between income and health.
There is a plethora of empirical evidence on the validity of AIH, mostly documented for developed and high-middle income countries. The studies that confirm the validity are Qi (2012) for 19 OECD countries, Kuehnle (2014) for United Kingdom, and Ram (2005) for 51 US states. To the best of our knowledge, there is a dearth of research validating AIH for Africa, only few selected African countries are pooled with other developed and less developing countries. Studies in this regard include Qi (2012) that considered 34 non-OECD countries and Ram (2006) that pooled 26 OECD and 82 less-developed countries. On this basis, the precise relationship between income and health in Africa is unclear, especially in Sub-Saharan Africa (henceforth SSA) characterized by increasing absolute per capita income but coupled with deteriorating health status (see estimates from WHO, 2014) .
It is very imperative to understand the relationship between income and health for two cogent reasons. Studying the relationship between income and health would offer better understanding on whether social differences in health status are attributable to poverty (or low income), or whether there is a socio-economic gradient in health status (implying that health status rises with each level of socio-economic or income status). Additionally, the investigation of the relationship between income and health will contribute to the debate on the diminishing returns of health with respect to income (Jusot 2006) .
Recent developments in panel data econometrics have revealed that standard panel data estimators such as pooled ordinary least square (POLS), fixed effect (FE) and random effect (RE) estimators can be misleading ignoring heterogeneity (of observed and unobserved factors), cross-section dependence and non-stationarity (Ando and Bai, 2016; Eberhardt and Presbitero, 2015) . Neglecting those attributes has severe implications on the standard estimators' biasness and consistency properties. To the best of our knowledge, our study is the first attempt to acknowledge the attributes and apply heterogeneous panel data estimators to test the validity of AIH for SSA.
The remaining part of this paper is divided into four sections. Section 2 deals with literature review while section 3 focuses on the data and the adopted methodology. Section 4 discusses the results from estimation while the last paragraphs provide conclusions of the study.
LITERATURE REVIEW
Earlier studies on the relationship between average income and health submitted that their association is concave. This implies that as average income increases, health status also increases. Later on, the increases will be at a decreasing rate after the point of inflexion, which is due to epidemiological transition (Omran, 2005) . Epidemiological transition is the period when the patterns of disease change from infectious or contagious diseases (like cholera, chicken pox, tuberculosis, HIV/AIDS) to degenerative or non-communicable diseases (like cancer and cardiovascular diseases). This period has peculiarity of a burden of mortality comprising of the old rather than the very young people, while overall life expectancy will increase (Omran, 2005) . During this period, the marginal effect of increases in absolute income falls to the extent that more variations in health are due to differences in income inequality. Therefore, as the level of per capita income increases, the effect of income inequality on population health becomes greater (Gravelle, Wildman, and Sutton, 2002) . Rajan, Kennedy, and King (2013) also surmised that the positive relationship between average income and health discontinues once epidemiological transition sets in.
An inextricable relationship exists between income and health in the health economics literature over a long period. The relationship between income per capita and life expectancy (a measure of health outcome) across countries for years 1900, 1930 and 1960 was found to be positive, with life expectancy varying more with income in poor countries than in rich countries (Preston, 1975) . The correlation between income per head and life expectancy was 0.89. This implies that 1 percent variation in income results in 89 percent variation in life expectancy. The study culminated into the famous 'Preston Curve' in which the regression line was fitted to data (having life expectancy on the y-axis and income on the x-axis). In the same vein, the association between income and measures of health in the UK was found to be linear (except for very high and low income), both before and after controlling for selected socio-economic variables (Ecob and Smith, 1999) . A doubling of income caused health to change by the same magnitude. It thus implies that increasing income is associated with improvement in health, but there are diminishing returns at higher levels of income.
Using data set involving self-perceived health and chronic illness as dependent variables with the sample made up of 28,023 individuals across the 17 autonomous regions in Spain, personal income exerted significantly and positively on health, with these effects diminishing at higher level of income (Karlsdotter, Martin and Gonzales, 2012) . One percentage point in personal income caused 87.3 percent reduction in the probability of suffering from chronic illness. They used multilevel logistic regression models that allowed for the determination of the direct effect of the individual and group explanatory variables and the interactions between levels. The outcome of their study supports the absolute income hypothesis for both perceived health and chronic illness, and conforms to the findings emanating from most international and Spanish studies. It therefore suggests that richer populations do not improve their health with additional income as the poorer people do. In the study of the association of self-rated health with income dynamics among male employees in Japan, it was deduced that an individual's self-rated health was generally associated with short-term changes in income (Oshio,Umeda, and Fujii, 2013) . Specifically, the survey focused on four annual income variables (i.e. current income, income in the previous year, average income and maximum income) and five income dynamic variables (i.e. increase and reduction in income from the previous year, increase and reduction in average income, and reduction in maximum income). They revealed that an individual's average and maximum income levels were irrelevant vis-à-vis self-rated health while no clear association was observed between longerterm changes in income levels and self-rated health. They reiterated that this finding could be attributed to the extremely homogeneous nature of their sample (consisting of only males, 74.6% of whom are graduates of college and 76.7% of them are regularly employed) while they also excluded people who had any interruption in their wage history (Oshio et al., 2013) . Thus, income variables used in the study sample did not reflect substantial differences in educational attainment and occupational status, which are likely to have a close relationship with self-rated health independent of income. Importantly, they found a reduction in income, compared to the previous year, to be negatively associated with self-rated health. In a regression of under-five mortality rates on district level average income, income inequality, poverty gap and literary rate in India, infant mortality rates were found to be negatively associated with poor average income levels and positively associated with poverty at both state and district level (Rajan et al., 2013) . A unit increase in average income resulted into 0.0028 reduction in mortality. In addition, linear regression models controlling average income and variation in some state-level variables showed that income inequality was not a statistically significant predictor of infant or under-five mortality rates. Similarly, the coefficient of average income was statistically insignificant after controlling poverty gap and literacy rates. Bloom and Bowser (2008) examined the relationship between income and life expectancy using data from 3,049 counties in 50 states in the US for the years 1970 and 2000 (including the District of Columbia). It involved the classification of counties to the Mississippi River Delta Region (where population health indicators are significantly lower than the rest of the US) and non-Delta region (where population health indicators are far better). The difference in health between the Delta and non-Delta regions in 1970 was due to 64% variation in income while the remaining 36% was attributed to the non-income factors. However, for 2000, non-income factors explained 77% disparities in health between the Delta and non-Delta counties while 23% of the variation was due to the non-income factors. Likewise, one percent increase in income per capita is associated with a 0.035-year increase in life expectancy for Delta counties in 1970, a 0.032-year increase in life expectancy for Delta counties in 2000, a 0.035-year increase in life expectancy for non-Delta counties in 1970 and 0.038-year increase in life expectancy for non-Delta counties in 2000. Over time, non-income factors drove health particularly when epidemiological transition sets in. These non-income factors included dietary habits, smoking, occupational status, school enrolment and school curriculum (Bloom and Bowser, 2008) .
Meanwhile, evidence supporting the absolute income hypothesis holds when probit regression was applied to micro data on the Chinese economy. The results showed a concave relationship between self-reported health status and per capita income, implying that additional income brought about greater improvement in the health of the poor than the rich (Li and Zhu, 2006) . A significant and Ushaped relationship existed between self-reported health status and community-level income inequality. Thus, rising inequality tends to improve health when inequality is low and tends to harm health when inequality is above a certain level. In the same vein, individual income level has a considerably greater influence on health than neighborhood affluence in the US economy when Hierarchical Ordinal Logit models was applied to variables driving self-rated health (Wen, Browning, and Cagney 2003 ). This suggests that individual level poverty has a persistent noxious effect on health even with the potential benefits attached to residence in affluent neighborhood. To the contrary, income was associated with health in Canadian provinces whereas income inequality was significant with chronic health conditions (Safaei, 2007) . Therefore, whatever the magnitude of the estimated health inequalities, ill health is mostly concentrated in the poor and low-income groups.
However, income, income inequality and other socio-economic measures accounted for seven-fold differences in the self-reported health of the elderly between the worst and the best provinces in China (Feng, Wang, and Li, 2012) . They also deduced that for the poorest three quarters of their sample of 14,744 elderly individuals from 23 Chinese provinces, income brought about greater improvement in the health of the poor other than the rich, reflecting the concavity effect i.e. a curvilinear relationship between self-rated health and total family income. The study found odds of poor health to be three times greater for the elderly with the lowest income compared to those at the upper quartile. Meanwhile a strong correlation exists between the risk of death (measured via mortality rate) and income in France in a study involving classification of income into different quintiles. This strong relationship holds for all levels of income, despite controlling for occupational status. Every increase in equivalent taxable income was associated with significant reduction in risk of mortality (Jusot, 2006) . A major dispersion of his findings to others is that a positive association exists between income and health even at higher levels of income. This is indeed contrary to the hypothesis of diminishing returns of income on health as reported by many of the authors that have tested the absolute income hypothesis. Pritchett and Summer (1996) used an instrumental variable estimator to analyze cross-country data spanning over twenty six years to test the relationship between income and health, it was also deduced that increased income leads (causally) to improvements in health. Growth in mean income by 71 percent in the sampled countries culminated into 50 percent fall in infant mortality rate.
A positive but diminishing relationship between income and health was found for a cross-section of 75 developed and developing countries, thereby confirming the concavity (or non-linearity) of the health-income curve (Gravelle, Wildman, and Sutton, 2002) . Therefore, they corroborated the proposition of the absolute income hypothesis. Contoyannis, Jones and Rice (2004) examined health dynamics, health and income using the British Household Panel Survey (BHPS) data. They disaggregated income into current and permanent income. They observed that current income only affected health status of man significantly, while it exerts no significant impact on health status of women. Jones and Wildman (2008) also investigated the relationship between income and health based on the British Household Panel Survey (BHPS) for men and women. Health status was measured using the self-assessed health (SAH), absolute income was measured by annual household income, while a measure of relative deprivation was also introduced as an independent variable. The pooled OLS, fixed effects and random effects models revealed a positive and significant relationship between income and health for both men and women, without the measure of relative deprivation in the model (Jones and Wildman, 2008) . When the measure of relative deprivation is included in the model, the relationship was still significant and positive for men and women, but was not significant using the random effects estimator. It is however apt to note that the magnitudes of the coefficients are generally small, with large changes in income resulting in small changes in health.
Based on pooled 1990 and 2000 data for 51 states in the US with death rate (death per 100,000 populations) specified as the dependent variable, a significant negative relationship was found between income and death rate. An increase in personal income generally resulted in a more proportionate diminution in death rate for all the specified models. This implies that increases in income are associated with improvement in health status (Ram, 2005) . A very strong positive correlation existed between income inequality and death rate, with poverty exerting negatively on health. On a study of six European countries and with data on individuals aged between 50 and 65, absolute income had a positive but quite modest effect on health after controlling for endogeneity (Theodossiou and Zangelidis, 2009 ). In another study to examine cross-country association between income and health for 108 countries (comprising 18 OECD countries and 90 LDCs), a very strong correlation exists between income and health (measured by infant mortality rate). Income exerted a significant negative effect on mortality for all the countries. When the less developed countries (LDCs) were isolated, poverty index 1 had a positive relationship with infant mortality rate while income had a negative relationship with infant mortality (Ram, 2006) . Meanwhile income inequality also had a positive relationship with the mortality rate. He inferred that income inequality other than poverty contributed more to infant mortality rate in the LDCs. Moreover, both income and GINI (a measure of income inequality) have larger effects in the LDCs, but the relative effect of GINI is stronger in the full sample (and thus in the DCs) while the marginal effect of income is stronger in the LDCs. This view was corroborated by Qi (2012) , who found that the effect of absolute income is stronger in the LDCs. The detrimental effect of income inequality is largely obvious among the developed countries. By applying multilevel logistic regressions to 19 OECD and 31 non-OECD countries, the effect of GDP per capita on self-rated health was statistically significant for non-OECD countries (Qi, 2012) . A unit increase in income caused 0.063 unit increase in self-rated health based on the entire sample. This reflects that absolute national wealth is more important for countries at the lower level of economic development (i.e. the non-OECD countries). The results from the study generally supported the absolute income hypothesis, and no significant detrimental effect of income inequality on individual health has been found. The findings also imply that when a country's distribution of income is more unequal, the gap in self-rated health widens between people at different deciles of household income and the poor suffered more deprivation in terms of health. French (2012) investigated causation between income and health for 13 OECD countries with the aid of Panel Analysis of Non-Stationarity in Idiosyncratic and Common Components (PANIC) model. One percent increase in income per capita caused 0.02 percent increase in life expectancy. Obviously, income improved health while health also exerted significantly on income. Rehnberg and Fritzell (2016) examined the longitudinal relationship between midlife income and mortality as well as late-life income for an ageing Swedish. For midlife ages (50-60 years), the association between income and mortality was curvilinear i.e. returns to health diminishes as income rises. As income increases, the hazard ratio of mortality decreases, especially for households with equivalised income of between 100,000 and 300,000 Swedish crowns (SEK). This group constitutes the largest proportion of the population. In the same vein, the relationship was curvilinear for those in the age bracket of 65-75 years. The results generally reveal the prolongation of the non-linear relationship between income and mortality into old age.
A number of studies have also examined the relationship between family income and child health for different countries in which they reported a positive association between family income and parentreported child health in the US, Australia, Canada and Germany. Aponey and Geoffard (2013) examined the income gradient in health across UK. The study found the emergence of the income gradient for children around age 2, while it was constant for children between ages 2 to 17. However, no correlation existed between income and child's health at ages 0-1. Using instrumental variable to examine the causal effect of family income on child health in the UK, income was found to have a significant but small causal effect on child health. Specifically, a positive association existed between family income and parent reported health (Kuehnle, 2014) . Furthermore, various transmission mechanisms (housing, nutrition, medications, and behavioural problem of the child) through which family income affects child health were all found to be influential on the health of the children. Goode, Mavromanas and Zhu (2014) examined the effect of family income on child health in China. Family income exerted positively on child health via household sanitation conditions, parental health consciousness and nutrition intake. Family income exerted positively on height for age-z-score (HAZ) of children in ages 4-8, 9-12 and 13-17 at 1 percent level of significance except for ages 0-3. However, children from poorer homes were susceptible to chronic illnesses. The study confirmed the validity of the AIH. Nakaruma (2014) studied the relationship between parental income and child health in Japan. A significant existed between parental income and incidences of dental problems, asthma and hearing problems. In the same vein, income exerted a significant positive effect on health as 10% increase in income generally translated to 0.02 reductions in number of illness in Tanzania (Fichera and Savage, 2015) . Daley (2017) investigated the effect of income transfer on health of families with young children. Income transfer improved mental health and life satisfaction irrespective of the structure of the family.
A synthesis of the reviewed empirical studies in Table 1 shows that larger number of these studies support the AIH while findings from others are to the contrary. It is quite apt to note that there is a relative dearth of studies investigating income-health relationship for SSA countries while the literature is replete with such studies for the developed economies, particularly the OECD-member countries. Thus, whether this theory actually holds in general, for all categories of economies, is a matter of continuing debate. (1975) 60 countries (1900, 1930, 1960) 
DATA AND METHODOLOGY

The Data
Data on under-five mortality rate and real per capita income are taken from World Development Indicators (WDI) online database of the World Bank while data on proportion of the population having access to improved sanitation were sourced from United Nations Millennium Development Goals (UN-MDGs) Indicators database. Data on real government health expenditure per capita are from World Health Organization (WHO) Global Health Observatory Data Repository. The extracted data covered the period of 2000-2012 for 34 Sub-Sahara African countries (see Table 1 ). 
Empirical Model
In the context of this study, we specify a heterogeneous model set-up based on the variables considered by previous studies (Feng, Wang, Jones, and Li, 2012; Qi, 2012) . This is expressed as:
UM is under-five mortality rate; PY is real per capita income; PY 2 is squared per capita income as a proxy for concavity relationship between health and income; and the other considered control variables are proportion of population having access to improved sanitation (SN), and real government health expenditure per capita (HY). The control variables-per capita health care expenditure and the proportion of population using improved sanitation are core determinants of health outcomes, especially in low-income regions (Lee et al, 2013; Odusanya, and Akinlo, 2015) . Access to sanitation and health care expenditure are important complement to income. The composite unobservable error structure ( it w ) is modelled as combination of individual specific effects ( i α ), unobservable common factors ( t f ) with heterogeneous factor loadings ( i η ), and finite error term ( it v ) as:
Eq. (2) accounts for unobservable risk factors that explains the variation in health status (UM) such as regional concentration of diseases (such as malaria and polio) induced by proximity of boarders in Africa. Similar factor model was adopted by Baltagi and Moscone (2010) δ λ θ φ ) and unobservable ( i η ) follow a random coefficient structure that combines a common slope vector (k ) and country-specific random term ( i ε ).
The key underlying properties of the specified heterogeneous model set-up (1-3) as extensively discussed in Pesaran (2006), Bond and Eberhardt (2009) and Eberhardt & Teal (2012) are parameters heterogeneity, non-stationarity potentials of the observable and unobservable series, cross-section dependence, and endogeneity.
Hypothetically, all the explanatory variables excluding PY2 are expected to have negative effect on under-five mortality rate. AIH holds if PY is negative and significant as a necessary condition. Sufficiently, PY2 must be positive and significant to reflect the concavity of the nexus.
Methods
Pesaran and Smith (1995) Mean Group (MG) estimator, Common Correlated Effects Mean Group (CCEMG) estimator by Pesaran (2006) , and the Augmented Mean Group (AMG) estimator by Eberhardt and Teal (2012) and Bond and Eberhardt (2009) 
RESULTS AND DISCUSSION
The preliminary analyses conducted using the standard panel data estimators (FE and RE) confirms the validity of AIH for SSA countries. After rejecting the Hausman test in favour of FE model, additional robustness tests revealed the sensitivity of the model to heterogeneity, non-stationarity and cross-sectional dependence. The validity of AIH collapses for SSA when the FE model is estimated with observable variables at logarithm level and robust standard error-(to control for serial correlation and heterokedasticity).
The under-five mortality rate (UM) variable rejects the null hypothesis of non-stationarity at level. But, the other observable variables (PY, PY 2 , SN and HY) are found to be non-stationary at level and cross-sectionally correlated as shown on Table 2 . The evidence of non-stationarity and cross-section dependence of the observable and unobservable series challenges the standard panel data estimators' biasness and consistency attributes for validating the AIH for SSA.
Summary Statistics
Pesaran ( Note: * denotes significance at 1% critical level; CD = Cross-section Dependence; | | ρ = average absolute value of the off-diagonal elements of the cross-sectional correlation matrix of the series; PURT = Panel Unit Root Test with the null hypothesis series is I(1). PURT was estimated at lag 1 and first order serial correlation was considered for the CIPS test; FD = First Difference; MW = Maddala & Wu (1999) Fisher's PURT chi-square value; CIPS = Cross-sectionally augmented Im, Pesaran, and Shin (IPS) PURT Z(t-bar). The results of the heterogeneous slopes estimators with and without group-specific trends are shown on Table 3 . Out of all the heterogeneous models, it is only MG estimates of real per capita income and its squared have the expected signs and statistically significant (Table 3 column 1 and 4) . The evidence from MG model supports the validity of AIH for SSA. However, the significance disappears when the other robust heterogeneous estimators (CCEMG and AMG) accounted for cross-sectional dependence. Comparing the post-estimation diagnostic test results (such as RMSE, CD test, and absolute crosssection correlation [| | ρ ]) show that the MG estimator performs poorly.
Based on the inconsistent results, we have no sufficient evidence to support the AIH for SSA (in the presence of cross-sectional dependence). Our evidence from the cross-sectional correlation cor-rected heterogeneous and non-stationary estimators (CCEMG and AMG) contradicts 2 previous studies such as Qi (2012) and Ram (2006) that pooled few selected Africa countries with other developing and developed nations. The difference in our empirical outcomes with previous studies emanate from the adopted methods of estimation and their underlying attributes relating to slopes heterogeneity, observable and non-observable non-stationarity and cross-section dependence.
Lastly, we are able to establish a long-run relationship between income and health based on the CIPS test results on Table 3 .
CONCLUSION
This study has clearly shown that modelling country-specific observable and unobservable heterogeneity and cross-section correlation, AIH validity disappears for SSA. This questions the empirical outcomes of previous studies that employed homogenous slopes model set-up. The analyses further revealed that income is not a significant determinant of reducing under-five mortality as a measure of health status improvement in SSA. This could be due to high poverty prevalence rate, wide income inequality gap and high deprivation rate of health facilities that heterogeneously engulfed SSA countries compared to other developed and developing countries where the AIH is valid. Consequently, it implies that the wealthier seems to be the healthier in SSA as increases in income tend to be associated with improvement in health. Therefore, the AIH cannot be confirmed for the SSA region based on the data and the methodology adopted. However, health spending per capita and improved sanitation that are purely non-income determinants are found to be core drivers of health outcome in SSA countries.
Since access to sanitation and health care expenditure (aside from income) have been established to be contributing significantly to the diminution in mortality, it becomes imperative for the government to set out policies that will improve its spending on health and access to improved sanitation. This is achievable via quality health infrastructure and specific health intervention programmes among inhabitants of the region. This will indeed complement the effect of higher income on healthy living in the region.
